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??Nonlinear filters that reduce noise components while preserving edges are often used to improve MR image 
quality.?Effects of nonlinear filters change adaptively according to the target images.?Therefore, the image 
quality evaluation is important, but no appropriate evaluation method has been established.?We have started a 
basic investigation to apply noise power spectra ?NPS? to image quality evaluation of nonlinear filtered images, 
such as Non-Local Means ?NLM? and Bilateral filters.?However, the noise reduction effects of nonlinear filters 
change complicatedly with the filter parameters and the target images, and it is difficult to characterize differenc-
es in NPSs among nonlinear filters.?In this study, we adjusted filter parameters so that the noise reduction ef-
fects of nonlinear filters were the same.?Results showed that differences of NPSs between two nonlinear filters 
were apparent for low spatial frequency region.?Results suggest that differences in filtered images such as im-

















? ? ? ??? ? ? ???
? X???? CT????????standard devi-































































































































e e I y
y x
y N x
I y I x
d r( )= ( )
− −
∈ ( )



































?????? NPS?? ROI?? SD?σ filtered??
??????????????????????





NLM????? h? 0.4×σ 0?0.8×σ 0?1.2×σ 0





?????????? Bilateral?????σ r ?
????????????????????? 




11×11??????????? : 5×5?σ d  = 1?
Bilateral???????????????? : 




































?????? Bilateral??????? 0.4 cycles/
mm????????? NPS???????
? 1.???????????????? SD 
?????? NLM h Bilateral σ r σ filtered
? 0.4×σ 0 0.89×σ 0 7.18
? 0.8×σ 0 2.12×σ 0 4.18















????a?? b???????????c?? d?????e?? f???? T1????????????????
?????????
54????
? ? ? ??? ? ? ???
? 4.?NLM?Bilateral???????????????? NPS??
????a?? NLM??b?? Bilateral????? NPS????????????????????









































































 1? Lustig, M., Donoho, D., Pauly, J.M. : Sparse MRI : 
The application of compressed sensing for rapid MR 
imaging, Magn. Reson. Med., 58, 1182-1195, 2007 
 2? ???????????? : CT?MRI?????
???????????????2010, 64-66
 3? ???? : ??????? ?? 2?????????
2006, 24-25
 4? McVeigh, E.R., Henkelman, R.M., Bronskill, M.J. : 
Noise and filtration in magnetic resonance imaging, 
Med. Phys., 12, 586-591, 1985
 5? Ichinoseki, Y., Nagasaka, T., Miyamoto, K., Tamura, H., 
56????
? ? ? ??? ? ? ???
Mori, I., Machida, Y. : Noise Power Spectrum in PRO-
PELLER MR imaging, Magn. Reson. Med. Sci., 14, 
235-242, 2015
 6? ??????????????????????? : 
????MR????????????????
????Med. Imag. Tech., 33, 217-222, 2015
 7? Ichinoseki, Y., Machida, Y. : Relation between one- and 
two-dimensional noise power spectra of magnetic res-






 9? Buades, A., Coll, B., Morel, J.M. : A review of image 
denoising algorithms, with a new one, Multiscale Mod-
el Simul., 4, 490-530, 2005
10? Manjón, J.V., Carbonell-Caballero, J., Lull, J.J, Garciá-
Martí, G., Martí-Bonmatí, L., Robles, M. : MRI de-
noising using non-local means, Med. Image. Anal., 12, 
514-523, 2008
11? Tomasi, C., Manduchi, R. : Bilateral Filtering for Gray 
and Color Images, Proceedings of the Sixth interna-
tional Conference on Computer Vision, 839-846, 1998
12? Zhang, M., Gunturk, B.K. : Multiresolution Bilateral 
Filtering for Image Denoising, IEEE Transactions on 
Image Processing, 17, 2324-2333, 2008
13? Aita, K., Miyamoto, K., Machida, Y. : Evaluation of 
nonlinear processed magnetic resonance images using 
noise power spectra, European Congress of Radiology 
2018, Vienna, 2018, C-1818
14? McGill University : BrainWeb : Simulated Brain Data-
base, http://brainweb.bic.mni.mcgill.ca/brainweb?2019
? 10? 31????
